The peristaltic flow of an incompressible viscous fluid in a curved channel is investigated. The flow analysis is conducted in the presence of an induced magnetic field. A long-wavelength and low-Reynolds number approach is followed. The stream function, pressure gradient, magnetic force function, induced magnetic field, and current density are constructed. We observed that symmetry in the profiles of u and φ is disturbed because of curvature effects. For larger values of curvature k, results of planar channel are deduced. The effects of significant parameters have been portrayed and discussed.
Introduction
The interest of researchers in peristaltic flows has increased substantially during the last few decades. This is due to their obvious importance not only in physiology but also in industry. Latham [1] and Shapiro et al. [2] have presented a seminal research on peristaltic flows. They studied the peristaltic flow of viscous fluid theoretically and experimentally. Hayat and Ali [3] have discussed the mechanism of peristaltic flows of power law fluids. The peristaltic motion of micropolar fluid in circular cylindrical tubes has been discussed by Muthu et al. [4] . Wang et al. [5] analyzed the slip effects on the peristaltic flow of a third-grade fluid in a circular cylinder. Currently, a large body of literature is available on peristaltic mechanism, of which some of the studies are mentioned in Refs. [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] . Progress is also made to such flows in the presence of uniform applied magnetic field using viscous and non-Newtonian fluids. Kothandapani and Srinivas [17] studied the peristaltic transport of a Jeffrey fluid under the effect of magnetic field in an asymmetric channel. Hakeem et al. [18] reported the effects of magnetic field on trapping through peristaltic motion for generalised Newtonian fluid in a channel. In another article, Hakeem et al. [19] have studied the hydromagnetic flow of generalised Newtonian fluid through a uniform tube with peristalsis. Hayat et al. [20] [21] [22] [23] analyzed the MHD effects on the flows of viscous, Jeffrey, and third-order fluid models. Few more attempts regarding the peristaltic flows in the presence of an applied magnetic field have been presented in Refs. [24] [25] [26] .
None of the above-mentioned articles examined the induced magnetic field effects on peristaltic flows. The first investigation on induced magnetic field was presented by Vishnyakov and Pavlov [27] . Here viscous fluids have been taken into account. Later, Mekheimer [28] has analyzed the induced magnetic field effects on the peristaltic flow of a couple stress fluid in a symmetric channel. Nadeem and Akram [29] have extended the flow analysis of [28] to an asymmetric channel. Some recent studies [29] [30] [31] [32] are also conducted in the presence of an induced magnetic field.
Peristalsis is mostly studied in straight channels and tubes. However, the geometry of most physiological conduits and glandular ducts is curved. Modelling of microwrinkles on human skin also requires a curved geometry. The geometry of the airways and the arterial network produces swirling flows, similar to the flows found in curved or twisted pipes. In all the above-mentioned attempts, peristaltic flows have been discussed in twodimensional channels or axisymmetric tubes. The effect of curvature seems meaningful in this context. To the best of our information, Sato et al. [33] studied the peristaltic flow in a curved channel in a laboratory frame. Ali et al. [34] studied flow analysis in a curved channel. In another article, Ali et al. [35] have discussed the heat transfer characteristics on the peristaltic flow of viscous fluid in a curved channel. Recently, the peristaltic flow of a third-order fluid in a curved channel is discussed by Ali et al. [36] .
The main purpose of this current investigation is to discuss the induced magnetic field effects on the peristaltic flow of viscous fluid in a curved channel. Hence, the layout of this paper is as follows. Section 2 deals with the modelling of governing equations. Sections 3 and 4 contain the solution to the problem and graphical discussion. The last section synthesises the concluding remarks.
Mathematical Formulation
Let us consider a curved channel with half width a. 
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The wall surface is represented by the following expression in Figure 1 2
in which λ is the wavelength, a is the channel half width, t is the time, and b is the wave amplitude. Denoting the velocity components V and U along the the radial ( ) R and axial directions ( ) X respectively in the fixed frame, the velocity field V is
The governing equations are 
In the above equations, ς = σμ e denotes the magnetic diffusivity, σ is the electrical conductivity, μ e is the magnetic permeability, ρ is the density, d/dt the material derivative, T the Cauchy stress tensor, and J, E, and H the current density, the electric field, and the magnetic field respectively. The expression for T is
in which , p I, and μ respectively, stand for the identity tensor, the pressure, and the dynamic viscosity.
Here the coordinates and velocities in the fixed ( , , , ) X R U V and wave frame ( , , , )
x r u v are related by , , , .
Employing the computations of (3)- (5) through (10), we approach at 
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where ( , ) r x indicates the coordinates in the wave frame. We now introduce the following quantities 
where δ, Re, R m , S, and M are the wave, Reynolds, magnetic Reynolds, Stommer's, and Hartman numbers, respectively. The total pressure p m is the sum of ordinary and magnetic pressures, E is the electric field strength, ψ is the stream function, and φ is the magnetic force function. We finally obtain 2 3 2 2 3 2 2
Note that a long-wavelength approximation at a low Reynolds number has been used in obtaining (15) and (16 
The boundary conditions are
where the dimensionless time mean flow rate F in the wave frame is related to the dimensionless time mean flow rate θ in the laboratory frame as 2, . 
Solution of Problem
Solving (15)- (18), we have 2  2  1  1  1  3  3  2  2  2  3  3  2  1  1  1  2 
Discussion
In this section, we discuss the effects of curvature k, Hartmann number M, and magnetic Reynolds number R m appearing in the various flow quantities such as axial pressure gradient (dp/d x), pressure rise per wavelength ΔP λ , longitudinal velocity u, axial induced magnetic field h x , and current density J z . We have plotted Figures 2-7 to serve the purpose.
Pumping Characteristics
Figure 2a discusses the impact of M on an axial pressure gradient. The magnitude of dp/d x is directly proportional with M for the fixed values of other parameters. Figure 2b discusses the curvature effects on pressure gradient. We observe that with the decrease in k i.e., an increase in the curvature of channel, dp/d x decreases. a b Figure 2 (a) The pressure gradient dp/d x versus x for α = 0.1, E = 1, k = 10 and θ = 1.5. (b) The pressure gradient dp/d x versus x for α = 0.1, E = 1, k = 1.5, and θ = 0.6. The pumping action is due to the dynamic pressure exerted by the walls on the fluid trapped between the contraction regions. Figure 3a shows that an increase in M causes a we observe that ΔP λ in the pumping region (Δp λ > 0, θ > 0) decreases by increasing M for the fixed values of flow rate θ. However, for the case of copumping (Δpλ < 0) and free pumping (Δpλ = 0), the flow rate θ is an increasing function of M. Deviation in behaviour of Hartmann number M on ΔPλ is because of the incorporation of curvature effects. For a large value of k, the results of planar channel are deduced [28] .
The effect of curvature parameter k on pressure rise is discussed in Figure 3b . We observe that the value of ΔP λ decreases as one moves from a curved to a straight channel, i.e., peristalsis has to work against greater pressure rise in curved channel than in straight channel. Also, the free pumping flux increases when going from a curved to a straight channel. In the copumping region, where the pressure assists the flow, the pumping rate for the straight channel is greater in magnitude as compared with the curved channel. Figure 4a illustrates the axial velocity distribution u for different values of Hartman number M. We notice that the velocity profile is not symmetric about the central line of the channel due to channel curvature. The behaviour of M near the walls of the channel is quite opposite to that of the centre of channel. The magnitude of velocity decreases as M increases at r = 0.
Flow Characteristics
In Figure 4b , the axial velocity u is plotted for various values of curvature parameter k. The maxima in profile is an increasing function of k. It is also inferred that profiles are not symmetric about r = 0. However, symmetry can be achieved as k → ∞. Figure 6a and c shows the variation of axial induced magnetic field h x against r for different values of M, R m , and k. In the half region, induced magnetic field is in one direction, whereas in the other half, it is in the opposite direction. The magnitude of h x increases with M and R m increment. While curvature parameter k shows a mixed effect on the magnitude of induced magnetic field. The current density distribution J z for different values of M, R m and k is plotted in Figure 7a and c. We observe that the curves of J z are parabolic in nature, and the magnitude of current density J z increases at the centre of the channel, and decreases near the walls with increasing M. A shift in the profiles is observed toward the lower wall. Figure 7b eulicidates that J z is an increasing function of R m . Figure 7c is plotted in order to discuss the behaviour of curvature parameter k on current density. It is found that an increase in k causes an increase in magnitude of J z at the upper half of the channel. For large values of k, symmetry in the profiles is achieved.
Magnetic Field Characteristics

Concluding Remarks
The aim of study is to obtain an analytical solution for the effects of induced magnetic field on the peristaltic transport of viscous fluid in a curved channel. The following observations have been found -Symmetry in the profiles of u and φ is disturbed because of curvature effects. -The qualitative behaviour of k and M on dp/d x is the opposite. -ΔP λ is a decreasing function of k and M in a curved channel. -The magnitude of velocity u is an increasing function of k while it decreases at the centre line of the channel when M increases. -φ is an increasing function of k and a decreasing function of M near the upper wall of the channel. -Magnitude h x increases with R m and decreases with k and M. -The magnitude of J z has an increasing effect for R m , k, and M about r = 0.
